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                                                                        MotivationMotivation



      ““The effort to more quantitatively characterizeThe effort to more quantitatively characterize
cloud errors in models has been hampered by thecloud errors in models has been hampered by the
considerable amount of uncertainties of availableconsiderable amount of uncertainties of available
cloud data. cloud data. …………  cloud radiative forcing (CRF) is acloud radiative forcing (CRF) is a
more objective measure. more objective measure. However,However, CRF only CRF only
measures the accumulative effects of clouds andmeasures the accumulative effects of clouds and
therefore it does not necessarily provide thetherefore it does not necessarily provide the
physical insight on particular model biases.physical insight on particular model biases.””

Zhang, M.H. et al., 2005, JGR

MotivationMotivation



  To calculate cloud amount of  To calculate cloud amount of
different types and their associateddifferent types and their associated
CRFsCRFs..



ISCCP CLOUD CLASSIFICATION
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4 types of footprints:

• Upper layer cloud only

• Upper layer and lower
layer

• Lower layer cloud only

• clear

Data and MethodData and Method

Data: CERES SSF
SSF_TRMM_Edition2B
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Skl denotes the TOA all-sky reflected SW and Sc that for clear skies
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TWP and ESTTWP and EST

TWP: 120E-170E, 5S–10N

EST:  160W-80W, 7.5S-7.5N

Period: 01/98-08/98



                                                            97/98 El Nino97/98 El Nino

Cess and Sun, JGR, submitted



TWP Cloud Fraction 

0

20

40

60

80

100

1 2 3 4 5 6 7 8

C
lo

u
d

 F
ra

ct
io

n
 (%

) a

TWP SWCRF

-100

-80

-60

-40

-20

0

1 2 3 4 5 6 7 8

C
R

F
 (

W
/m

2 )

b

TWP LWCRF

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8

Month

C
R

F
 (

W
/m

2 )

total High Middle Low

c

EST SWCRF

-100

-80

-60

-40

-20

0

1 2 3 4 5 6 7 8

C
R

F
 (

W
/m

2 )

e

EST Cloud Fraction

0

20

40

60

80

100

1 2 3 4 5 6 7 8

C
lo

u
d

 F
ra

ct
io

n
 (

%
) d

EST LWCRF

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8

Month

C
R

F 
(W

/m
2
)

total High Middle Low

f

Cloud fraction and CRF

month month

month month

month month



1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth 

P
re

s
s

u
re

TWP cloud fraction 

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth 

P
re

s
s

u
re

TWP cloud fraction

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8

8-9 9-10 10-11 11-12 12-13 13-14 14-15

May June July Aug

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1

P2

P3

P4

P5

P6

P7

optical depth

P
re

s
s

u
re

EST cloud fraction

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

P
re

s
s

u
re

EST cloud fraction

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8

8-9 9-10 10-11 11-12 12-13 13-14 14-15

May June July Aug

2D ISCCP-like Cloud Structure



1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optidal depth

p
re

s
s

u
re

SWCRF (01/98-04/98)

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

p
re

s
s

u
re

SWCRF (05/98-08/98)

-11--10 -10--9 -9--8 -8--7 -7--6 -6--5 -5--4

-4--3 -3--2 -2--1 -1-0

May June July Aug

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

p
re

s
s

u
re

EST SWCRF (01/98-04/98)

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

p
re

s
s

u
re

EST SWCRF (05/98-08/98)

-11--10 -10--9 -9--8 -8--7 -7--6 -6--5 -5--4

-4--3 -3--2 -2--1 -1-0

May June July Aug

TWP SWCRF EST SWCRF



1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

p
re

s
s

u
re

TWP LWCRF (01/98-04/98)

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

p
re

s
s

u
re

TWP LWCRF (05/98-08/98)

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9

May June July Aug

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

Optical depth

P
re

s
s

u
re

EST LWCRF (01/98-04/98) 

Jan Feb Mar April

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P1
P2
P3
P4
P5
P6
P7

optical depth

P
re

s
s

u
re

EST LWCRF (05/98-08/98)

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9

May June July Aug

TWP LWCRF EST LWCRF



TWP NETCRF
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TWP NETCRF (05/98)
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SummarySummary

•• 2D cloud structure change and their 2D cloud structure change and their radiativeradiative effects effects
over tropical over tropical equtorialequtorial region during 1998 El Nino are region during 1998 El Nino are
revealed by quantification of ISCCP like sub-cloudrevealed by quantification of ISCCP like sub-cloud
type amount and their associated type amount and their associated CRFsCRFs..

•• The quantification helps to better understandThe quantification helps to better understand
radiativeradiative effects of different cloud types and CRF effects of different cloud types and CRF
cancellations among themselves.cancellations among themselves.



Thank you!Thank you!





Diurnal Sampling for a 1x1 grid











Zhang, M.H. et al., 
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1 x 1 grid

MethodMethod
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